The nanocomposites of poly(acryl amide-co-acrylic acid) with NaY and Clinoptilolite were prepared using ammonium persulfate as an initiator and N,N′-methylene bis acryl amide as the cross-linker. The morphology was characterized by SEM and the structure of nanocomposite materials was studied with XRD and FT-IR that showed the interaction between porous materials and poly(AAm-coAAc). Thermo gravimetric analyzer (TGA) curve shows that all the chain-extended poly(AAm-co-AAc) are stable up to 250 °C and maximum weight loss occurs at 890 °C. The TGA results indicated higher stability for poly(acryl amide-co-acrylic acid)/NaY and Clinoptilolite composites than poly(AAm-co-AAc). The adsorption and desorption behavior of methylene blue were investigated for nanocomposites. It was shown that poly(AAm-co-AAc)/NaY and Clinoptilolite nanocomposites have higher adsorption than NaY, Clinoptilolite and poly(AAm-co-AAc) alone. This effect was attributed to good interaction between the hydroxyl group in porous materials and carboxylic group in poly(AAm-co-AAc) with methylene blue.
Introduction
Methylene blue is a cationic dye ( Fig. 1 ) that can be widely used in medical science, coloring paper, dying cottons, wools etc. Although, methylene blue is not strongly hazardous, it can cause some harmful effects such as increased heart rate, vomiting, shock, Heinz body for motion, cyanosis, jaundice, quadriplegia and tissue necrosis in humans. Also this dye in water can affect plant life and is aesthetically unpleasant [1, 2] . Adsorption study has attracted considerable interest as a feasible procedure for removing dyes from effluents. Literature review show different methods and various adsorbents such as activated carbon [3] , tea waste [4] , clay [5] , zeolite [6] , MCM-22 [7] , waste wood [8] , biomaterials [9] , polymer [10] and composite membrane [11] have been developed for dye removal.
Over the past several decades, polymeric hydrogels play an important role in the treatment of wastewater. Hydrogels are cross-linked hydrophilic polymers that are swollen in water usually to equilibrium. Hydrogels have considerable applications and have been used extensively in different fields including chemical separation [12] , drug delivery [13] and controlled release in agriculture [14] . One of the polymeric hydrogels is super absorbent that are loosely cross-linked hydrophilic polymers that can absorb, swell and retain aqueous solutions up to hundred times of their own weight [1, [15] [16] [17] [18] [19] . Because the super absorbent hydrogels have ionic functional groups, they can absorb and trap ionic dyes such as MB from wastewaters [16] . But these polymers have several limitations and always exhibit mechanically weak, brittle properties and low porosity [20] . Thus, many potential applications of conventional polymeric hydrogels have been restricted or abandoned because of their limitations. In past several years some attempts have been done to modify the properties of super absorbents by incorporation of nano or micro particles of inorganic materials such as montmorillonite [21] [22] [23] , kaolin [24, 25] , mica [26] , sercite [27] , bentonite [28] and laponite clay [15] into polymer networks . Incorporation of these mineral powders not only reduces costs but also improves the properties (such as swelling ability, gel strength, mechanical and thermal stability) [28] .
In this study we prepared two novel superabsorbent hydrogel nanocomposites by using of the polyacrylamide (PAM), acrylic acid (AA) and Clinoptilolite and NaY zeolite. These composites have many advantages such as high stability and high porosity. We report the water swelling and methylene blue adsorption property of these nanocomposite materials.
Results and discussion

FT-IR analysis
Fig. 2a-c shows FT-IR spectra in the range of 500 to 4000 cm -1 for the poly(AAm-coAAc), poly(AAm-co-AAc)/Clinoptilolite and poly(AAm-co-AAc)/NaY composite, respectively. In the Fig. 2a the broad band in 3439 cm -1 is due to N-H groups of polyacrylamide and the peak at 1700 cm -1 represents the carbonyl group. There is a shoulder at 1715 cm -1 which corresponds to the carbonyl group of polyacrylate. Also we can see two bonds at 1384 and 1570 cm -1 related to COO -group in polyacrylate and the peaks at 1456, 2953 cm -1 represent the C-N and C-H bonding, respectively [31] .
In both of (b) and (c) spectrum, the peaks of carbonyl shifted to 1682 cm -1 and the intensity of the peaks at 3400 cm -1 correspond to decrease in N-H and shifted to lower frequency . It may be because of the formation of hydrogen bonding between COOH, NH 2 of the copolymer and hydroxyl groups of Al-OH and Si-OH in pore materials. Also we can see two bands at about 1120 cm -1 due to Si-O and 480 cm -1 related to Al-OH in the composites. 
XRD analysis
X-ray diffraction patterns of NaY, Clinoptilolite, poly(AAm-co-AAc)/NaY zeolite and poly(AAm-co-AAc)/Clinoptilolite are shown in Fig.3 a, b, c, d respectively. Some diffraction peaks at 2θ: 20-80 are clearly seen and can be indexed as the NaY (Fig.3c) and Clinoptilolite (Fig.3d) phase. The wide peaks show that the size of NaY and Clinoptilolite particles is very small. The mean size of particles is about 2 nm with according to Scherr's equation [32] . Also decrease of intensity corresponds to covering particles with polymer. Hence two broad peaks at 2θ: 12.3 and 20 can be observed due to poly(AAm-co-AAc) [31] .
Morphology
SEM images of the NaY zeolite, Clinoptilolite, poly (AAm-co-AAc)/NaY zeolite and poly (AAm-co-AAc)/Clinoptilolite are shown in Fig. 4a-d respectively. There is a considerable change between two samples. From the micrographs, it was found that the NaY and Clinoptilolite was dispersed in the polymer network. Several areas show fine network structure. It means that NaY and Clinoptilolite have good collaboration with poly(AAm-co-AAc) and improves the network of it which may be favorable for MB adsorption [18] . 
TGA analysis
Fig . 5 shows TGA thermograms of poly(AAm-co-AAc), poly(AAm-co-AAc)/NaY zeolite and poly(AAm-co-AAc)/Clinoptilolite, respectively. The TGA thermograms of poly(AAm-co-AAc) and its composites show three steps degradation after 250 ºC. The weight loss in the first step (250-370 ºC) decreases with increase pores materials ( Fig.5b-c) loading. This result clearly indicates that the weight loss in the first step may be due to the loss of low volatile impurities along with the degradation of soft segment of poly (AAm-co-AAc). The weight loss in this step may be assigned to the partial thermal degradation or de-cross-linking of poly (AAm-co-AAc) and porous materials [33] [34] . The weight loss occurred in the last step about 890 ºC is due to the complete decomposition of cross-linked chain-extended polymer. There is a step after 890 ºC in the Fig. 5b and c that can be related to degradation of different materials such as zeolite. Swelling behavior Fig. 6 shows the equilibrium swelling ratio for the poly(AAm-co-AAc), poly (AAm-coAAc)/NaY zeolite, poly(AAm-co-AAc)/Clinoptilolite, poly(AAm-co-AAc)/NaY zeolite with MB and poly(AAm-co-AAc)/Clinoptilolite with MB, respectively. Results show that swelling ratio increased by added NaY and Clinoptilolite to poly(AAm-co-AAc). The swelling ratio of composite with hydrogel depends on the hydrophilicity of polymer chain and porous material and structure of hydrogel network [15] . When the poly (AAm-co-AAc)/porous material composites contact with water, water diffuses into it and causes swelling. The metal atoms on the NaY and Clinoptilolite may form a complex with the water and hydroxyl group in them from hydrogen bonds that increased swelling behavior in composite. Also, it seems Clinoptilolite with high concentration of metals have higher capacity of water diffusion. Then, poly(AAm-coAAc)/Clinoptilolite have higher swelling than poly(AAm-co-AAc)/NaY zeolite [35] . 
Adsorption of MB
To study of dye adsorption, the poly(AAm-co-AAc)/NaY zeolite and poly(AAm-coAAc)/Clinoptilolite nanocomposites were placed in aqueous solution of methylene blue for 1 day. After 1 day poly(AAm-co-AAc)/NaY zeolite and poly(AAm-coAAc)/Clinoptilolite nanocomposites showed dark color compared with the original composites. Also, the color of MB solution became colorless compared with the original solution, as shown in Fig. 7a-d . Therefore, Fig. 7e , f showed that the content of nanocomposites increased after adsorption of MB. The cationic dyes like MB have electronegative atoms such as nitrogen and sulfur and behave like hydrophilic groups and form hydrogen bonds with water. Thus, the swelling increased because the MB brings water into them (Fig. 6 ) [36] . Fig. 8a shows the removal effect of methylene blue by NaY, poly(AAm-co-AAc) and poly(AAm-co-AAc)/ (0.15g) NaY composites, respectively. The maximum adsorption is about 8% of MB from aqueous solution by NaY zeolite. Also, when we use of poly (AAm-co-AAc) alone, maximum adsorption is about 82%. Removal effect of MB increased when the NaY zeolite was added to poly(AAm-co-AAc) up to 95%. Result (Fig. 8b) indicates that with using higher content of NaY zeolite from 0.15 g to 0.55 g in nanocomposites, it has not adsorbed more MB as expected. Fig. 9a shows the effect of Clinoptilolite content on adsorption of MB. When we use Clinoptilolite, maximum adsorption of MB is 40% from aqueous solution. But maximum adsorption of (AAm-co-AAc)/ (0.15g) Clinoptilolite is about 98%. Also, with increasing the content of Clinoptilolite from 0.15g to 0.55g in poly(AAm-coAAc)/Clinoptilolite nanocomposite did not increase the concentration of adsorbed MB.
Effect of NaY in poly(AAm-co-AAc) on adsorption of MB
Effect of Clinoptilolite in poly (AAm-co-AAc) on adsorption of MB
Fig. 9. Effect of addition of Clinoptilolite on efficiency of MB removal (a) and effect of the Clinoptilolite content on efficiency of MB removal (b).
These results confirmed that both porous materials (NaY zeolite and Clinoptilolite) and poly(AAm-co-AAc) play a critical role in MB adsorption. As we know poly acrylamide does not adsorb cationic dye from solution, since poly acryl amide is non ionic polymer [18] . Therefore, we interred hydrolyzed acrylic acid to it and increased the ionic groups (COO -) for adsorption of cationic dye. Hence, the cationic dye may have interacted with the NaY and Clinoptilolite by different modes: 1. the cations on zeolite and Clinoptilolite may exchange with MB cations from solutions. 2. The adsorption is on through porous of zeolite without any ion-exchange. 3. The dye adsorbed on the surface of porous materials [36] .
Comparison between the poly(AAm-co-AAc)/NaY zeolite and poly(AAm-coAAc)/Clinoptilolite
The Clinoptilolite have higher adsorption related to NaY zeolite. This could be explained by ion-exchange interaction between porous material and MB. Because Clinoptilolite with (Ca 4 25 .52 formula have higher adsorption capacity than NaY zeolite with Na 56 (Al 56 Si 136 O 384 ) formula. But the adsorption concentration of Clinoptilolite and NaY zeolite increased with added poly (AAm-co-AAc). It seems, carboxylic group of the copolymer is a good position for trapping the MB. These data indicate that the poly(AAm-co-AAc)/Clinoptilolite and poly(AAm-co-AAc)/NaY zeolite exhibit superior dye adsorption behavior (about 95-98%). Because of it, there are a lot of charge groups on the Clinoptilolite and NaY zeolite and poly(AAm-co-AAc) which adsorbed cationic dye (Fig. 10) . So, the composites have good porosity and flexibility and the dye molecules can be interred into that network easily and interact with clinoptilolite and NaY and poly(AAm-coAAc). 
Desorption behavior of methylene blue and mechanism
After adsorption equilibrium, for better understanding of the fundamental aspects and governing factors of the adsorption process, besides the fundamental interest to understand the interaction of nanocomposites and dye, we took MB desorption experiments. The nanocomposites adsorbed with MB were put in enough distilled water and MB desorbed was measured spectrophotometrically (λ: 661.6 nm) in periodically taken solution samples and again placed in the same vessel so that the liquid volume was kept constant. The desorption profiles of NaY, Clinoptilolite, poly (AAm-co-AAc), poly(AAm-co-AAc)/NaY and poly(AAm-co-AAc)/Clinoptilolite are shown in Fig. 11 . Releasing ratio (RR) per gram of dry hydrogel is calculated by Eq.
(1).
where C o and Ct are the concentration of MB solution at the beginning and t moment, m o is the weight of dry hydrogel sample.
We can see higher desorption for NaY (2 g ). These results show very low desorptions for poly(AAmco-AAc)/NaY and poly(AAm-co-AAc)/clinoptilolite. It seems, both of materials in the composite systems adsorbed and trapped MB and there are ionic interactions between clinoptilolite, NaY and copolymer with MB. Also three dimensional networks of composites is good position for trapping of MB [1] .
Moreover, Peppas equation was used to study the desorption mechanism (Eq. (2)) [37] :
where M t /M ∞ is dye cumulative desorption percentage and t is the time. K is a constant that characterizes the desorption rate and n is desorption feature parameter showing the type of dye desorption mechanism. If n is equal or less than 0.5, desorption mechanism can be Fickian diffusion. When n is equaled to 1, and for values of n between 0.5 and 1, the mechanism is non-Fickian. All of desorption parameter n in Pappas equation is less than 0.5 (Table. 1), indicating the Fickian desorption kinetics and MB diffusion is dominant in MB desorption process.
Tab. 1. Desorption data of MB-loaded samples.
Conclusions
The nanocomposite from poly(AAm-co-AAc) with NaY and Clinoptilolite was prepared. The SEM shows that NaY and Clinoptilolite dispersed in poly(AAm-coAAc) matrix and XRD shows interaction between porous materials and poly(AAm-coAAc). FT-IR spectroscopy shows interaction between carboxylic group in polymer and hydroxyl group of zeolite. Thermal behavior of the nanocomposites exhibit higher decomposition temperature compared to poly(AAm-co-AAc) sample. Hence, efficiency of these composites was considered for removal of methylene blue from water. The adsorption of MB increased with use of poly(AAm-co-AAc)/NaY zeolite, poly(AAm-co-AAc)/Clinoptilolite related to NaY, Clinoptilolite and poly(AAm-co-AAc) alone. This improvement in the removal efficiency in nanocomposites is due to the increase in the population of anion sites and porosity of composites which enhance the interactions between MB and composites. As a result, we can see less desorption for poly(AAm-co-AAc)/NaY zeolite and poly(AAm-co-AAc)/Clinoptilolite.
Experimental
Acryl amide (AM), acrylic acid (AA), potassium hydroxide (KOH), N,N′-methylene bis acryl amide (Bis), N,N,N′,N′-tetra methyl ethylene diamine (TMED), ammonium persulfate (APS), aluminum hydroxide, silica gel, sodium hydroxide, methylene blue dye supplied by Merck and MB was the analytical reagent grade and used as received and polyvinyl alcohol (PVA) purchased from Fluka and Clinoptilolite supplied by the company of pars kansar. We synthesized NaY zeolite with molar ratio: 16 NaOH: 1 Al (OH) 3 : 15 SiO 2 : 320 H 2 O in our laboratory [29] . All of them were used without further purification. Final product was characterized with X-Ray diffract meter (Philips 8440) with radiation at room temperature Cu−Kα, FT-IR (Galaxy series FT-IR 5000 spectrometer) TGA (Diamond TG/DTA Perkin Elmer). SEM (Philips, XL30).
Synthesis of poly(AAm-co-AAc) and NaY zeolite or Clinoptilolite
The optimum molar ratio of initial materials for preparation of poly(AAm-co-AAc) was considered at prior work in our laboratory [30] . Several nanocomposites with different amount of NaY zeolite and Clinoptilolite were prepared by radical graft copolymerization. Typical preparation conditions for samples are as follows: At first, potassium acrylate was prepared by partially neutralizing a diluted acrylic acid solution with a predetermined amount of 50 wt% aqueous potassium hydroxide solution which was added drop wise in an ice bath. Then, the 0.23g cross-linker (N,N′-methylene bis acryl amide) was carefully added to the acryl amide solution (3.19 g). A given amount of NaY zeolite or Clinoptilolite (0.15, 0.30, 0.45, 0.60 g) kept under ultrasound for 1h before use for getting nano size was slowly added to stirring monomer mixture (Fig. 4) . Then the first neutralized solution was added to it. The suspension obtained was mixed 30 min by a 300 rpm magnetic mixer. In the next step, TMED and APS (30 wt %) were added to the pore material-polymer mixed solution. Finally, the temperature of the reaction mixture was rapidly increased to 90 o C during less than 6 minutes. Then the products were removed from the beaker, cut to small pieces and dried 72 to 96 hours in laboratory conditions.
Adsorption of methylene blue
A weighed quantity of dry hybrid hydrogel (0.2 g) with different composition was immersed in enough methylene blue (50 ppm) and kept at 37 o C. The amount of MB adsorbed was measured spectrophotometrically (λ: 661.6 nm) in periodically taken solution samples and again placed in the same vessel so that the liquid volume was kept constant. The removal efficiency (RE %) of the dye by the hydrogels with different composition was calculated by Eq. (3) RE% = (C o -C/C o ) × 100 (3) where C o and C are the initial and equilibrium concentration of the MB dye solution, respectively.
Swelling Studies
The swelling kinetics of the poly(AAm-co-AAc) and poly(AAm-co-AAc)/NaY, poly (AAm-co-AAc)/Clinoptilolite nanocomposites with and without MB were measured gravimetrically. The dried samples were placed in distilled water at 22 o C and removed from water at regular time intervals. After the water on the surfaces of the hydrogels was wiped off with moistened filter paper, the weights of hydrogels were recorded. The swelling ratio was defined by Eq. (4): SR = (m t -m d )/m d (4) where m t is the mass of the swollen hydrogels at time t.
